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Abstract. The precision observables Mw and g — 2 of the muon are discussed in the framework 
of the MSSM. Recent progress in the evaluation of the theoretical predictions is described, and the 
MSSM predictions are compared with the SM predictions and the experimental values. 

INTRODUCTION 

Precision observables are a unique laboratory to test the Standard Model (SM) or ex- 
tensions at the quantum level. Via quantum effects, heavy particles enter the theoretical 
predictions for such observables, and comparing measurements with predictions leads 
to valuable information e.g. on the masses of postulated particles such as Higgs bosons 
or supersymmetric particles. 

The power of precision observables is illustrated by comparing the current experi- 
mental resolution to the numerical size of quantum effects in the SM and the minimal 
supersymmetric standard model (MSSM). In the case of the mass of the W boson, Mw, 
the SM one-loop and two-loop effects amout to about ( — 15,-3) times the current exper- 
imental uncertainty of 0.04% JH]. The weak SM one-loop and two-loop contributions to 
the anomalous magnetic moment of the muon = (g — 2)^/2 are about (4, —1) times 
as large as the current experimental uncertainty of 0.54 parts per million Q]. 

The MSSM is a weakly coupled, renormalizable gauge theory and therefore 
quantum effects are well-defined and calculable. In the MSSM, quantum effects from 
supersymmetric (SUSY) particles to Mw and depend on many MSSM parameters, 
but they can be as large as the corresponding SM quantum effects and thus significantly 
larger than the experimental uncertainty. Conversely, the experimental measurements 
significantly constrain the SUSY parameter space (see e.g. the reviews JUBl]). 

In these proceedings we give an update on the current status and recent theoretical 
developments of the two observables Mw and in the MSSM. 
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M w IN THE MSSM 



The mass of the W -boson Mw has been measured at LEP and is being measured at 
Tevatron. The current experimental value is M^ p = 80.392(29) 01. an d the precision 
could be improved to <5lhcMv = 15 MeV at the LHC [6] and to 8ilqM w = 7 MeV at a 
linear e + e~ collider ||7j]. On the theoretical side, the SM or MSSM predict a calculable 
relation between Mw and the muon lifetime and Mz- Solving this relation for Mw 
leads to a prediction of Mw in terms of fy, M z and all other model parameters, in 
particular the masses of the top quark, Higgs bosons, and SUSY particles in the case 
of the MSSM. For the SM prediction of Mw see JSJ] and references therein; for a review 
of previously available MSSM contributions to Mw see flj]. 

More recently, the Yukawa-enhanced 0{a}, Oi t ttbi ofy contributions to Mw have been 
evaluated [9]. This result completes the evaluation of all two-loop MSSM contributions 
to Mw that enter via the quantity Ap. Detailed estimates for the remaining two-loop 
contributions, which go beyond Ap, and for unknown higher-order contributions have 
been derived H]. 

In OH, all existing SM and MSSM results have been combined with a new evaluation 
of the one-loop MSSM contribution that also takes into account complex phases. In this 
way, a very precise and reliable prediction for Mw in the MSSM has been obtained. This 
prediction has been implemented in a computer code that will be made publicly avali- 
able. The remaining theory error of this MSSM prediction of Mw, due to the unknown 
multi-loop contributions estimated in [9] and to the unknown phase dependence beyond 
the one-loop level fioll . has been estimated to 8Mw = (4.7 — 10.6) MeV, depending on 
the SUSY mass scale. Hence the precision of this prediction is better than the current 
experimental precision and matches the foreseen precision after LHC and a linear 
collider. 

The predictions for Mw in the SM and the MSSM are compared in Figure [l] The 
possible predictions within the two models as a function of all model parameters give 
rise to two bands in the m t -Mw plane with only a relatively small overlap region (blue 
area). For the employed parameter regions see the caption of Figured] The MSSM band 
is divided into two regions. In the very light- shaded green region at least one of the 
ratios m^/m^ or m~ b Jm~ bx exceeds 2.5, while in the green region the mass ratios are 
unconstrained. 

The current 68% C.L. experimental results for m t and Mw slightly favour the MSSM 
over the SM. More importantly, both within the MSSM and the SM, the precision of the 
experimental measurements excludes large regions of parameter space. 

The prospective accuracies for the LHC and the ILC with GigaZ option are also shown 
in the plot (using the current central values), indicating the potential for a significant 
improvement of the sensitivity of the electroweak precision tests. 



A u IN THE MSSM 



The impressive measurement of the anomalous magnetic moment of the muon q » 112 ] has 
inspired a lot of progress on the theoretical side. After many refinements (see ifllL fl2l1 
for recent reviews), the SM prediction deviates by about two standard deviations from 
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FIGURE 1. M w in the SM (red/medium shaded) and the MSSM (green/light shaded) as function 
of the top mass m t . The SUSY parameters are varied independently in a random parameter scan in 
the following ranges: the diagonal entries of the squark and slepton mass matrices are varied between 
100 .. . 2000 GeV, A tM , pi = -2000 . . . 2000 GeV, M A = 90 ... 1000 GeV. The SM prediction for M w is 
shown for Mh = 114 ... 400 GeV. 



the final experimental value, Aa^(exp - SM) = 23.9 (9.9) x 10 -10 JlL 

The MSSM prediction of has been reviewed recently in The leading contribu- 
tions from SUSY particles are approximately given by 13 x 10~ 10 (IOOGcV/Msusy) 2 x 
tan/3 sign(/i) HE101. Due to the enhancement oc tan/3, the ratio of the two Higgs 
vacuum expectation values, the SUSY contributions could easily be the origin of the 
deviation Aa^ (exp — SM) . Furthermore, the positive value of this deviation implies a 
preference for a positive /i-parameter in the MSSM. 

The status of the MSSM prediction is as follows. The one-loop contributions have 
been known for a long time (e.g. JI3, 14, 15]; for further references see The two- 
loop contributions can be devided into two classes. The class with closed loops of SUSY 
particles, such as squark or chargino/neutralino loops, is completely known lHo. [1711 : the 
class without such loops is known in the leading-log approximation 111 8ll . The one-loop 
and leading two-loop contributions have a very compact analytical form, see |0] and 
references therein. The remaining theoretical uncertainty due to unknown higher-order 
contributions has been estimated to be smaller than 3 x 10~ 10 This is satisfactory at 
the moment, but it could be significantly improved by a computation of the remaining 
two-loop contributions. 

The current status of in the MSSM is summarized in Figure |3 which shows the 
possible MSSM contributions to compared with the observed deviation between 
experiment and the SM prediction. Clearly, the MSSM can accomodate the experimental 
result for a^, and the preferred mass scale is rather low. 
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FIGURE 2. Allowed values of MSSM contributions to as a function of the mass of the lightest 
observable SUSY particle Mlosp ==niin(»i«±,m»o, »«/.), from an MSSM parameter scan with tan/3 = 50 
(see ||5t for the employed parameter ranges). The la region corresponding to the deviation between 
experimental and SM values is indicated. The light yellow region corresponds to all input parameter 
points that satisfy the experimental constraints from ^-decays, M/, and Ap . In the red region, smuons and 
sneutrinos are heavier than 1 TeV. The dashed lines correspond to the contours that arise from ignoring 
the two-loop corrections from chargino/neutralino- and sfermion-loop diagrams. 
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